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PATENT 

Attorney Docket No. 210J794PRO (1 1 150 R-5916) 
Mini-Channel Heat Exchanger with Multi-Stage Expansion Device 

The non-uniform distribution of two-phase refrigerant in parallel tubes, for 
example in mini- or micro-channel heat exchangers (MCHX), can significantly reduce 
heat exchanger efficiency. This is called maldistribution and is a common problem in 
heat exchangers that utilize parallel refrigerant paths. Two-phase maldistribution 
problems are caused by the difference in density of the vapor and the liquid phases. 

One way of significantly reducing maldistribution in a MCHX operating in the 
evaporator mode is to distribute the refrigerant in the single-phase liquid state in 
parallel paths prior to the actual expansion process. Then, the two-phase fluid will 
appear only in the MCHX tubes after distribution has already been accomplished. 

In a MCHX, the flow of refrigerant is divided into many parallel tubes 
(circuits), where every tube and especially every mini-channel should receive just a 
small and equal fraction of the tolal refrigerant flow. The requirement to have a full 
expansion of liquid in one expansion device for each mini-channel or even one mini- 
channel tube leads to an unreasonably small orifice restriction, which is significantly 
smaller than a typical channel of a MCHX. Moreover, a very small orifice restriction 
is difficult to manufacture precisely and it is susceptible to internal clogging by 
foreign matter. 

One way of overcoming these difficulties is to produce the desired refrigerant 
expansion process by flowing the refrigerant through multiple orifice restrictions 
arranged in series. Inasmuch as the pressure drop produced in a fluid flow by an 
orifice restriction is created as a results of momentum exchange in the fluid at the 
inlet and at the outlet of the orifice, the fluid pressure drop created by an orifice 
restriction is inversely proportional to the orifice size or dimension; larger orifice size 
produces less pressure drop. Therefore, multiple large orifice restrictions in series can 
be used to create the same fluid pressure drop as a single small orifice restriction. For 
the same overall fluid pressure drop or refrigerant expansion, the dimension or size of 
a multiple of orifices that are arranged in series are larger than the dimension of a 
single orifice. 

Figures 1 and 2 show a mini-channel tube 1 inserted at one end of the 
restrictive connector 4 inserted into the header wall 3. The other end of the restrictive 
connector may include two or more expansion restrictions. Refrigerant in the single- 
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phase liquid state flows through the header 3, expands in consecutive restrictions 5, 

and enters the mini-channel tubes with multiple mini-channels in a two -phase state. 

In Figures 3 and 4 another embodiment is shown. The mini-channel tube is 
inserted into the restrictive connector 4, which has a longer shape to prevent plugging 
of the restrictions during the brazing process and to provide additional support by 
having the restrictive connector rest on the inner surface of the header 3. Figure 4 
shows the case of a round header. 

One more embodiment is shown in Figures 5 and 6, where the end 6 of 
expansion restrictive connector 4 is closed. The first expansion is performed in one or 
many holes 7 in the wall of the connector into the first expansion chamber 8. Figure 6 
shows the case of a rectangular header. 

■ 

Figures 7 and 8 show another embodiment, where the restrictive connector is 
manufactured from extruded flat tube and the restrictions are created by profiled 
pressing rather then casting required for the other embodiments. 

Most modem HVAC applications are designed for both cooling and heating 
(heat pump) modes of operation. In this case the same MCHX has to operate 
efficiently as an evaporator and as a condenser. The proposed method of solving 
maldistribution for the evaporator mode requires permanent deployment of the 
proposed restriction connector in the inlet header of a MCHX, so the expansion 
happens before the heat transfer process in the evaporator. When the same MCHX 
operates as a condenser, the refrigerant flow is reversed and the expansion process 
takes place after the heat transfer process. Now for the heat pump mode the same 
header is an exit for condensed refrigerant. 

Typical operating conditions for cooling and heating need different refrigerant 
temperature, pressure and flow in the cycle, which lead to different flow conditions 
and pressure drop requirements for the expansion process. To satisfy both cooling 
and heating conditions with the same restrictive connector in the header of a MCHX 
the restrictions should be designed to provide different resistances for the two 
different flow directions. 

For example, in the heating mode more refrigerant flow resistance might be required 
than for the cooling mode. Figure 9 shows one possible way of achieving more 
pressure drop for the evaporator in the heating mode than for the condenser in the 
cooling mode. For the heating mode the refrigerant flow is restricted by sharp edged 
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orifices, while for the cooling mode the flow encounters lower resistance from smooth 

profile orifices E. 
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